Experimental details
. Steps of deterministic transfer method. Graphene (or WS2) nanoflakes were firstly exfoliated from the graphite crystals onto SiO2/Si substrates using the mechanical exfoliation technique [1] . Then polymer layers (polydimethylsiloxane (PDMS) and polyvinyl alcohol (PVA)) are used to transfer graphene nanoflakes from Si/SiO2 substrate to PVA by strong adhere force between samples and polymer layer (heat temperature: 80℃). The polymer layers are then mounted in a micromanipulator to transfer the graphene flakes to Al2O3/Si substrate. After transfer, the sacrificial polymer layer (PVA) is dissolved with deionized water [2] . Table S1 . Average roughness (Sa), root mean square (Sq) and coefficient of kurtosis (Ska) of three different substrates (Si, SiO2, Al2O3). Obviously, the silica surface after washing by HF seems extremely smooth, just like original silicon. While some spotted islands distribute on Al2O3 surface, overall it is relatively flat (Sa=1.26nm). Figure S2 . Reflection spectra of graphene on different substrates. Here, the brightness of the light source was kept to the same all the time. Due to the limitation of grating range, tests are performed at two center wavelengths: 520 nm and 600 nm. Finally, contrast of graphene on different substrates was extracted by [3] : ). Generally speaking, few-layer graphene has a band gap between the conduction band and the valence band [4] , thereby the unit on/off ratio is relatively higher than monolayer graphene, but the carrier mobility will be accordingly lower. , which is consistent with earlier studies [5] .
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